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(54) SPEED REDUCER

(57) A speed reducer (1) according to one embodi-
ment of the invention includes a carrier (24) having a
recess (50) therein, a crankshaft (12) disposed in the
recess (50), and a stopper (60) that is disposed on a

bottom surface (51) of the recess and prevents the crank-
shaft (12) from moving in a direction along a rotation shaft
(A2) of the crankshaft (12) toward the bottom surface
(50).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a speed reducer.

BACKGROUND

[0002] A speed reducer has been used in industrial robots, machine tools, and various other types of machines that
are moved by torque input. The speed reducer decelerates rotation inputted from a drive source such as an electric
motor and outputs the decelerated rotation to a device that is to be driven. An eccentric oscillating speed reducer is
known as one type of speed reducers. A conventional eccentric oscillating speed reducer is described in Japanese
Patent Application Publication No. Hei 5-180278.
[0003] Atypical eccentric oscillating speed reducer includes a crankshaft having an eccentric portion, an external gear
attached to the crankshaft via the eccentric portion, a case having internal teeth that meshes with the external gear, and
a carrier provided rotatably relative to the case. In such an eccentric oscillating speed reducer, rotation of a drive source
is transmitted from an input gear to the crankshaft. When the crankshaft rotates, the external gear is pushed and rotated
by the eccentric portion, and the carrier is rotated relative to the case by the rotation of the external gear. By this
configuration, decelerated rotation is outputted from the carrier or the case to the subject device.
[0004] A conventional oscillating speed reducer is provided with a cap fitted to the carrier in order to prohibit the axial
movement of the crankshaft, as disclosed in, for example, Japanese Patent Application No. 2016-130536. An outer
peripheral surface of the cap has a male thread. An inner peripheral surface of the carrier defines a through hole for
accommodating the crankshaft and has a female thread. The cap is attached to the carrier by fastening the cap with the
male thread on the inner peripheral surface of the carrier, and the axial movement of the crankshaft is prevented by the
screw type cap attached to the carrier.

RELEVANT REFERENCES

LIST OF RELEVANT PATENT LITERATURE

[0005]

Patent Literature 1: Japanese Patent Application Publication No. Hei 5-180278
Patent Literature 2: Japanese Patent Application Publication No. Hei 2016-130536

SUMMARY

[0006] In a conventional speed reducer in which movement of the crankshaft is prevented by the screw type cap, there
is a gap between the male thread on the cap and the female thread on the inner peripheral surface of the carrier, so
that sealing for preventing lubricant from intruding inside the reducer may become insufficient. This drawback applies
not only to the eccentric oscillating type speed reducer but also to other types of speed reducers having a screw cap.
[0007] An object of the present invention is to overcome or reduce at least a part of the above-described drawbacks
of the conventional art. More specifically, one object of the invention is to provide a novel speed reducer having a
crankshaft support mechanism with an excellent sealing performance. Other objects of the present invention will be
apparent with reference to the entire description in this specification.
[0008] A speed reducer according to one aspect of the invention includes a carrier having a recess therein, a crankshaft
disposed in the recess, and a stopper disposed on a bottom surface of the recess and preventing the crankshaft from
moving in a direction toward the bottom surface along a rotation axis of the crankshaft.
[0009] The speed reducer may further include a crankshaft bearing disposed on an inner peripheral surface of the
recess at a position apart from the bottom surface in a rotation axis direction of the crankshaft. In the speed reducer,
the stopper may prevent the crankshaft bearing from moving in the rotation axis direction toward the bottom surface.
[0010] In the speed reducer, the inner peripheral surface may include a support surface supporting the crankshaft
bearing and a clearance portion disposed between the support surface and the bottom surface in the rotation axis
direction, the clearance portion having a larger diameter than the support surface.
[0011] In the speed reducer, the clearance portion may be disposed apart from the bottom surface in the rotation axis
direction.
[0012] In the speed reducer, the carrier may have a through hole extending in the rotation axis direction. The speed
reducer may further include a sealing member provided in the through hole.
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[0013] In the speed reducer, the outer peripheral surface of the stopper may have a smaller diameter than the crankshaft
bearing.
[0014] In the speed reducer, the through hole may have a smaller diameter than the outer peripheral surface of the
stopper.
[0015] In the speed reducer, the carrier may have a second recess. The speed reducer may further include a second
stopper disposed on a bottom surface of the second recess, the second stopper preventing the crankshaft from moving
toward the bottom surface of the second recess in the rotation axis direction.
[0016] In the speed reducer, the crankshaft may include an eccentric portion and a journal. The journal has an end
surface facing the bottom surface and the stopper supports the journal at the end surface.
[0017] In the speed reducer, the stopper may be provided such that it is non-rotatable around the rotation axis relative
to the carrier.
[0018] In the speed reducer, the stopper may be provided such that it is rotatable around the rotation axis relative to
the carrier.
[0019] A speed reducer according to another aspect of the invention includes a case, a carrier having a recess therein,
a crankshaft bearing provided on a support surface that is a part of an inner peripheral surface of the recess and disposed
apart from a bottom surface of the recess, a crankshaft supported by the crankshaft bearing and rotating one of the
carrier and the case relative to the other of the carrier and the case; and a stopper preventing the crankshaft and the
crankshaft bearing from moving toward the bottom surface in an axial direction of the crankshaft. The stopper faces a
clearance portion that forms a part of the inner peripheral surface and has a diameter larger than the support surface.
[0020] According to the aspects of the invention, it is possible to obtain a speed reducer having a crankshaft support
mechanism that is excellent in hermeticity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Fig. 1 is a sectional view showing a section of a speed reducer according to one embodiment of the invention along
a rotation axis thereof.
Fig. 2 is an enlarged sectional view showing a crankshaft and a support structure thereof in the speed reducer of Fig. 1.
Fig. 3 is an enlarged sectional view of Fig. 2 in which the crankshaft is omitted.
Fig. 4 is a sectional view showing a section of a speed reducer according to another embodiment of the invention
along a rotation axis thereof.

DESCRIPTION OF THE EMBODIMENTS

[0022] The following describes various embodiments of the present invention with reference to the appended drawings.
In the drawings, like constituent elements are denoted by like reference numerals throughout. It should be noted that
the drawings do not necessarily appear to an accurate scale for the sake of convenience of explanation.
[0023] A speed reducer 1 according to one embodiment of the invention will be now described with reference to Figs.
1 to 3. Fig. 1 is a sectional view showing a section of a speed reducer 1 along a central axis A1 thereof. Fig. 2 is an
enlarged sectional view showing a crankshaft and support structure thereof provided in the speed reducer 1. Fig. 3 is a
view in which the crankshaft is omitted from Fig. 2, and illustrating a recess for receiving the crankshaft.
[0024] These drawings show the speed reducer 1 of an eccentric oscillating type as one type of speed reducer to
which the invention is applicable. The speed reducer 1 includes a spur gear 11, a crankshaft 12, and a speed reducing
mechanism 20. It will be appreciated by those skilled in the art that the present invention is also applicable to speed
reducers other than the eccentric oscillating type.
[0025] The spur gear 11 is one example of a rotation transmission mechanism that transmits rotation inputted from
an unshown drive source to the crankshaft 12. The spur gear 11 may mesh with an input gear to which rotation from
the drive source is input. The rotation transmission mechanism applicable to the speed reducer 1 is not limited to the
spur gear 11. As the rotation transmission mechanism for the speed reducer 1, any mechanism capable of transmitting
input from the drive source to the crankshaft 12 can be used.
[0026] The crankshaft 12 is a substantially columnar member extending along a shaft axis A2. In the illustrated em-
bodiment, the crankshaft 12 is spline-coupled with the spur gear 11. Thus, the rotation input from the drive source is
transmitted to the crankshaft 12 via the spur gear 11.
[0027] The speed reducing mechanism 20 decelerates rotation inputted from the crankshaft 12 and outputs the de-
celerated rotation to a subject device to be driven. The decelerated rotation is transmitted to the subject device as rotation
about the central axis A1. The speed reducer 1 may be provided in an industrial robot. In this case, the subject device
to be driven is, for example, an arm of the industrial robot. The speed reducing mechanism 20 will be described in more
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detail later.
[0028] The crankshaft 12 will now be more specifically described. The crankshaft 12 is a substantially columnar member
extending along the shaft axis A2 and rotates (spins) about the shaft axis A2 by input of rotation transmitted from the
spur gear 11. The crankshaft 12 includes a first journal portion 12a, a second journal portion 12b, an eccentric portion
12c, an eccentric portion 12d, and a head 12e. The first journal portion 12a, the second journal portion 12b, the eccentric
portion 12c, the eccentric portion 12d, and the head 12e may be formed integrally. In other words, the first journal portion
12a, the second journal portion 12b, the eccentric portion 12c, the eccentric portion 12d, and the head 12e may form a
single unit in which no relative movement among them occurs in a circumferential direction around the shaft axis A2.
[0029] Each of the first journal portion 12a and the second journal portion 12b has a columnar shape extending in the
shaft axis A2 direction. In the shaft axis A2 direction, the eccentric portion 12c is provided on an X2 side with respect to
the first journal portion 12a. In the shaft axis A2 direction, the eccentric portion 12d is provided on the X2 side with
respect to the eccentric portion 12c. In one embodiment, the eccentric portion 12c and the eccentric portion 12d have
a cylindrical shape(s). As viewed from the shaft axis A2 direction, the eccentric portion 12c and the eccentric portion
12d are formed in a circular shape having a center at a position radially displaced from the shaft axis A2. That is, the
eccentric portion 12c and the eccentric portion 12d are eccentric with respect to the shaft axis A2. The eccentric portion
12c and the eccentric portion 12d are different in phase from each other. For example, a phase difference between the
eccentric portion 12c and the eccentric portion 12d is 180°.
[0030] In the shaft axis A2 direction, the head 12e is disposed on an X1 side with respect to the first journal portion
12a. That is, the head 12e is disposed on an opposite side to the eccentric portion 12c with respect to the first journal
portion 12a. The head 12e has a substantially columnar shape. The head 12e is spline-coupled to the spur gear 11.
[0031] Next, the speed reducing mechanism 20 will now be more specifically described. In the illustrated embodiment,
the speed reducing mechanism 20 includes external gears 23a and 23b, a carrier 24, and a case 28. In the speed
reducing mechanism 20, the carrier 24 rotates relative to the case 28 around the central axis A1 by the rotation input
from the crankshaft 12. The rotation decelerated by the speed reducing mechanism 20 is transmitted from the carrier
24 or the case 28 to the subject device to be driven. Since the carrier 24 or the case 28 rotates around the central axis
A1, the central axis A1 may be also referred to as a rotation axis of the speed reducer 1.
[0032] The external gear 23a and the external gear 23b both have a substantially ring shape. The external gear 23a
and the external gear 23b each have at its center a through hole extending along the central axis A1. For example, a
cable is accommodated in the through hole extending along the central axis A1.
[0033] The external gear 23a further has a crank through hole 23a1, and the external gear 23b has a crank through
hole 23b1. For simplicity of description, the crank through hole 23a1 will be hereunder simply referred to as a through
hole 23a1 and the crank through hole 23b1 will be simply referred to as a through hole 23b1. The through hole 23a1 is
a through hole penetrating the external gear 23a in the axial direction along the central axis A1 at a position shifted
radially outward from the central axis A1. The through hole 23b1 is a through hole penetrating the external gear 23b in
the axial direction along the central axis A1 at a position shifted radially outward from the central axis A1. The external
gear 23a may have two or more through holes 23a1 arranged along the circumferential direction around the central axis
A1. The external gear 23b may have two or more through holes 23b1 arranged along the circumferential direction around
the central axis A1.
[0034] The crankshaft 12 is disposed in the through hole 23a1 and the through hole 23b1. The through hole 23a1 and
the through hole 23b1 house the crankshaft 12 partially. In the illustrated embodiment, the crankshaft 12 is disposed
such that the eccentric portion 12c is situated within the through hole 23a1 and the eccentric portion 12d is situated
within the through hole 23b1.
[0035] The external gears 23a and 23b each have a through hole for receiving a boss 24b2 of the second carrier
member 24b, which will be later described. Specifically, the external gear 23a has a through hole 23a3 on a radially
outer side of the central axis A1, and the external gear 23b has a through hole 23b3 on a radially outer side of the central
axis A1. The though hole 23a3 and the through hole 23b3 are provided at positions opposed to each other. Although
Fig. 1 shows a single through hole 23a3 and a single through hole 23b3, the external gear 23a may have a plurality of
through holes 23a3, and the external gear 23b may have a plurality of through holes 23b3.
[0036] The external gear 23a and the external gear 23b both have external teeth. Specifically, the external gear 23a
has external teeth 23a2, and the external gear 23b has external teeth 23b2. The external gear 23a and the external
teeth 23b2 are in the shape of, for example, a pericycloid. Any number of external gears may be provided in the speed
reducer 1. The illustrated speed reducer 1 has two external gears (that is, the external gear 23a and the external gear
23b), however the speed reducer 1 may have only one external gear or three or more external gears.
[0037] The case 28 is provided on a radially outer side of the external gear 23a and the external gear 23b. The case
28 includes a case body 28a having a hollow cylindrical shape and a flange 28b provided on a radially outer side of the
case body 28a. The flange 28b has a bolt hole 28c extending parallel to the central axis A1. For example, a part of a
subject device to be driven (not shown) is coupled to the flange 28b. The subject device to be driven is, for example, an
industrial robot. When the subject device to be driven is an industrial robot, an arm or base of the industrial robot is
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coupled to the flange 28b. The subject device to be driven can be coupled to the flange 28b by using a bolt. The base
of the industrial robot is used to secure the industrial robot on a surface such as a floor at an installation location of the
industrial robot. When the flange 28b is coupled to the base of the industrial robot, rotation of the flange 28b (and thus
the case 28) is prevented.
[0038] On an inner peripheral surface of the case body 28a, a plurality of grooves 28a1 is formed to extend along the
central axis A1. In other words, the case body 28a has the plurality of grooves 28a1 extending along the central axis
A1. Pins 27 are provided in the plurality of grooves 28a1, respectively. The number of the pins 27 is different from the
number of teeth of each of the external gears 23a and 23b. The number of the pins 27 is, for example, one more than
the number of teeth of the external gears 23a and 23b. The pins 27 are an example of internal teeth that mesh with the
external teeth 23a2 of the external gear 23a and the external teeth 23b2 of the external gear 23b.
[0039] The carrier 24 is provided on a radially inner side of the case 28. The carrier 24 is provided such that it is
rotatable around the central axis A1 relative to the case 28. The carrier 24 includes a first carrier member 31 and a
second carrier member 24. The first carrier member 24a is disposed on the X1 side of the second carrier member 24b
in the axial direction along the central axis A1. A gap is provided between the first carrier member 24a and the second
carrier member 24b. The external gear 23a and the external gear 23b are disposed in the gap between the first carrier
member 24a and the second carrier member 24b.
[0040] The first carrier member 24a has a substantially disc shape. The second carrier member 24b includes a sub-
stantially disc-shaped base 24b1 and the boss 24b2 protruding in the X1 direction on the radially outer side of the center
axis A1. The boss 24b2 has a bolt hole for receiving the bolt 26. The first carrier member 24a and the second carrier
member 24b are connected by a bolt 26. The second carrier member 24b has two end surfaces that intersect the axial
direction. Of the two end surfaces of the second carrier member 24b, the end surface on the side opposite to the first
carrier member 24a (that is, the end surface on the X2 side) is referred to as an attachment surface 24b5. The subject
device to be driven is attached to the speed reducer 1 on the attachment surface 24b5. The second carrier member 24b
has a recess 24b4 in the attachment surface 24b5. The recess 24b4 extends in the X1 direction from the attachment
surface 24b5. The recess 24b4 is used to couple the subject device to be driven to the second carrier member 24b. The
subject device to be driven can be coupled to the carrier member 24b by inserting a bolt (not shown) into the recess
24b4. The second carrier member 24b preferably has more than one recess 24b4. By fastening the subject device to
the attachment surface 24b5 through the plurality of recesses 24b4, the subject device is securely fastened to the second
carrier member 24b with a strong fastening force. As described above, the subject device to be driven may be an industrial
robot. When the industrial robot arm is coupled to the flange 28b, the industrial robot base is coupled to the carrier
member 24b. Whereas when the industrial robot base is coupled to the flange 28b, the industrial robot arm is coupled
to the carrier member 24b. When the carrier member 24b is coupled to the base of the industrial robot, rotation of the
carrier member 24b (and thus the carrier 24) is prevented.
[0041] The first carrier member 24a is supported by the case 28 via a main bearing 29a. The second carrier member
24b is supported by the case 28 via a main bearing 29b. In this manner, the first carrier member 24a and the second
carrier member 24b are disposed rotatably relative to the case 28. The first carrier member 24a and the second carrier
member 24b are coupled by using the bolt 26, and thus the first carrier member 24a and the second carrier member
24b integrally rotate relative to the case 28.
[0042] The first carrier member 24a has a through hole 40 that receives the crankshaft 12. The through hole 40 in the
first carrier member 24a is defined by an inner peripheral surface 42 around the shaft axis A2. The inner peripheral
surface 42 extends along the circumferential direction around the shaft axis A2. The first journal portion 12a of the
crankshaft 12 is received in the through hole 40. A crankshaft bearing 30a is provided between the first journal portion
12a and the inner peripheral surface 42. The first journal portion 12a of the crankshaft 12 is supported by the first carrier
member 24a via the crankshaft bearing 30a.
[0043] The through hole 40 is provided with a cap 35 that prevents the crankshaft 12 from moving in the X1 direction
along the shaft axis A2. The cap 35 has a disc shape. The cap 35 has a through hole extending along the shaft axis A2
at a radially central portion thereof. The head 12e of the crankshaft 12 is inserted into this through hole. A male thread
is provided on an outer peripheral surface of the cap 35, and a female thread is provided on a part of the inner peripheral
surface 42 that defines the through hole 40. The male thread of the cap 35 is engaged with the female thread on the
inner peripheral surface 42 thereby the cap 35 is attached to the first carrier member 24a. A lower surface of the cap
35 attached to the first carrier member 24a contacts an end surface of the first journal portion 12a facing the X1 direction.
In this way, the cap 35 attached to the first carrier member 24a prevents the first journal portion 12a from moving in the
X1 direction.
[0044] The second carrier member 24b has a recess 50 that receives the crankshaft 12. The recess 50 extends in the
X2 direction from the end surface of the second carrier member 24b facing the X1 direction. The recess 50 is defined
by a bottom surface 51 and an inner peripheral surface 52, as is clearly shown in Fig. 3 in which illustration of the
crankshaft 12 is omitted. The bottom surface 51 extends in a direction intersecting with the shaft axis A2. The bottom
surface 51 may be provided so as to be orthogonal to the shaft axis A2.
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[0045] The inner peripheral surface 52 extends along the circumferential direction around the shaft axis A2. The inner
peripheral surface 52 includes a first surface 52a connected to the bottom surface 51, a second surface 52b situated
on the X1 side of the first surface 52a, and a third surface 52c situated on the X1 side of the second surface 52b. The
second surface 52b has a larger dimension than the first surface 52a and the third surface 52c in the radial direction
around the shaft axis A2. Thus, the second surface 52b is recessed in the direction away from the shaft axis A2 compared
to the first surface 52a and the third surface 52c. The third surface 52c is disposed apart from the bottom surface 51 in
the axial direction along the shaft axis A2. The shape of the recess 50 applicable to the invention is not limited to the
illustrated one. For example, the inner peripheral surface 52 may include any surface other than the first surface 52a,
the second surface 52b, and the third surface 52c.
[0046] The second carrier member 24b has a support portion 24b3 protruding from the first surface 52a toward the
shaft axis A2. Of the surfaces defining the profile of the support portion 24b3, the surface facing the recess 50 defines
at least a part of the bottom surface 51. The support portion 24b3 has a through hole 53 extending in the axial direction
along the shaft axis A2. The through hole 53 may be provided coaxially with the shaft axis A2. The through hole 53 may
have a circular shape when viewed from the direction of the shaft axis A2. In one embodiment, the radial dimension of
the through hole 53 is smaller than the radial dimension of a stopper 60. That is, the through hole 53 has a smaller
diameter than an outer peripheral surface 60a of the stopper 60.
[0047] A sealing member 70 is provided in the through hole 53. The sealing member 70 can seal off lubricant inside
the speed reducer 1. As the sealing member 70, a synthetic resin seal cap may be used.
[0048] The second journal portion 12b of the crankshaft 12 and the stopper 60 are received in the recess 50 of the
second carrier member 24b. The crankshaft 12 is disposed in the recess 50 such that the second journal portion 12b
faces the third surface 52c of the inner peripheral surface 52 in the radial direction. The third surface 52c has a circular
shape when viewed from the direction of the shaft axis A2. A crankshaft bearing 30b is provided between the second
journal portion 12b and the third surface 52c of the inner peripheral surface 52. The crankshaft bearing 30b is supported
by the third surface 52c of the inner peripheral surface 52. Therefore the third surface 52c may be hereunder referred
to as a support surface. As described above, the second journal portion 12b of the crankshaft 12 is supported by the
second carrier member 24b via the crankshaft bearing 30b.
[0049] The recess 50 may be formed by cutting work. When the recess 50 is formed by cutting, the second surface
52b serves as a clearance portion for a cutting tool during cutting process. Since there is the second surface 52b that
provides the clearance portion for cutting, the third surface 52c can be machined so as to have the uniform diameter
from the end on the X1 side to the end on the X2 side in the axial direction along the shaft axis A2. When there is no
second surface 52b that provides a clearance portion, a cutting tool cannot reach the X2 side end of the third surface
52c, and therefore the X2 side end of the third surface 52c ends up being curved toward the shaft axis A2. If the crankshaft
bearing 30b is attached in the recess having the curved portion, the crankshaft bearing 30b interferes with the curved
portion so that the crankshaft bearing 30b cannot be accurately attached in the recess 50. In one embodiment, by
providing the second surface 52b that serves as the clearance, the third surface 52c can be formed to have the uniform
diameter up to the end on the X2 side in the axial direction along the axial center A2, which improves the attachment
accuracy of the crankshaft bearing 30b.
[0050] The stopper 60 is provided on the bottom surface 51 of the recess 50. The stopper 60 has, for example, a ring
shape. In one embodiment, the stopper 60 is made of a material having a high hardness such as stainless steel. The
stopper 60 includes an outer peripheral surface 60a, an inner peripheral surface 60b, a first end surface 60c connecting
the outer peripheral surface 60a and the inner peripheral surface 60b, and a second end surface 60d connecting the
outer peripheral surface 60a and the inner peripheral surface 60b. The profile of the stopper 60 is defined by the outer
peripheral surface 60a, the inner peripheral surface 60b, the first end surface 60c, and the second end surface 60d. The
second end surface 60d is on the X2 side of the first end surface 60c. The second end surface 60d of the stopper 60
contacts the bottom surface 51 of the recess 50. The second carrier member 24b supports the stopper 60 by the bottom
surface 51 (that is, by the support portion 24b3). The stopper 60 is supported by the bottom surface 51 so that it is
prevented from moving in the X2 direction in the axial direction.
[0051] In the recess 50, the first end surface 60c of the stopper 60 contacts the second journal portion 12b of the
crankshaft 12. The stopper 60 prevents the crankshaft 12 from moving in the axial direction toward the bottom surface
51 (that is, the X2 direction) by supporting the second journal portion 12b by the first end surface 60c.
[0052] In one embodiment, the first end surface 60c of the stopper 60 also contacts the crankshaft bearing 30b. The
stopper 60 prevents the crankshaft bearing 30b from moving in the axial direction toward the bottom surface 51 (that is,
the X2 direction) by supporting the crankshaft bearing 30b by the first end surface 60c.
[0053] In the illustrated embodiment, the outer peripheral surface 60a of the stopper 60 has a smaller diameter than
the outer peripheral surface of the crankshaft bearing 30b. That is, the radial dimension of the outer peripheral surface
60a of the stopper 60 is smaller than the radial dimension of an outer peripheral surface of a retainer 31b of the crankshaft
bearing 30b.
[0054] In one embodiment, the stopper 60 is disposed in the recess 50 rotatably around the shaft axis A2 relative to
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the second carrier member 24b. For example, the recess 50 is provided such that the first surface 52a has a circular
shape when viewed from the shaft axis A2 direction. The stopper 60 is provided such that the outer peripheral surface
60a has a circular shape concentric with the first surface 52a. Thus, when the crankshaft 12 rotates about the shaft axis
A2, a force exerted by the crankshaft 12 in the circumferential direction of the shaft axis A2 causes the stopper 60 to
rotate around the shaft axis A2 in the same direction as the crankshaft 12. In another embodiment, the stopper 60 may
be provided non-rotatably around the shaft axis A2 relative to the second carrier member 24b. For example, the recess
50 is provided such that the first surface 52a has a polygonal shape (for example, a hexagonal shape) when viewed
from the direction of the shaft axis A2, and the stopper 60 has the outer peripheral surface 60a that has a polygonal
shape (for example, a hexagonal shape) corresponding to the first surface 52a when viewed from the direction of the
shaft axis A2. Thus, even when the crankshaft 12 rotates about the shaft axis A2 and a force by the crankshaft 12 in
the circumferential direction of the shaft axis A2 exerts on the stopper 60, the stopper 60 does not rotate around the
shaft axis A2.
[0055] A crankshaft bearing 30c is provided between the eccentric portion 12c and the through hole 23a1, and a
crankshaft bearing 30d is provided between the eccentric portion 12d and the through hole 23b1. In this configuration,
the external gear 23a is supported by the eccentric portion 12c of the crankshaft 12 via the crankshaft bearing 30c, and
the external gear 23b is supported by the eccentric portion 12d of the crankshaft 12 via the crankshaft bearing 30d.
[0056] In the illustrated embodiment, crankshaft bearings 30a to 30d are all needle bearings. However, the crankshaft
bearing 30c and the crankshaft bearing 30d may be bearings of a type other than the needle bearing. The crankshaft
bearing 30a includes a retainer 31a and a rolling element 32a retained by the retainer 31a. The crankshaft bearing 30b
includes a retainer 31b and a rolling element 32b retained by the retainer 31b. The crankshaft bearing 30c includes a
retainer 31c and a rolling element 32c retained by the retainer 31c. The crankshaft bearing 30d includes a retainer 31d
and a rolling element 32d retained by the retainer 31d.
[0057] The shapes, structures, and arrangements of the components of the speed reducer 1 are not limited to those
explicitly shown in the specification and the accompanying drawings. In particular, the shape, structure, and arrangement
of the stopper 60 is not limited to the illustrated embodiments and those explicitly described herein. At least one of the
crankshaft bearings 30a to 30d may be any type of bearing capable of supporting the crankshaft 12 other than the needle
bearing. The shapes, structures, and arrangement of the carrier 24 and the case 28 are not limited to the illustrated
embodiments and those explicitly described herein.
[0058] Subsequently, an operation of the speed reducer 1 will be described. When the spur gear 11 is rotated by a
rotational drive force from the drive source, the rotation is transmitted to the crankshaft 12 through the head 12e that
directly meshes with the spur gear 11. The rotation inputted from the drive source causes the eccentric portion 12c and
the eccentric portion 12d of the crankshaft 12 to rotate eccentrically about the shaft axis A2. By the rotation of the
crankshaft 12, the eccentric portion 12c and the eccentric portion 12d push the external gears 23a and 23b respectively
in the circumferential direction. Thus a single rotation of the crankshaft 12 causes the external gears 23a and 23b to
rotate relative to the case 28 by a difference between the number of pins 27 of the case 28 and the number of teeth of
the external gears 23a and 23b. In this manner, rotation of the crankshaft 12 is reduced at a reduction ratio (the number
of teeth of the external gears 23a, 23b)/(the number of the pins 27 - the number of teeth of the external gears 23a, 23b).
The decelerated rotation is transmitted to the carrier 24 or the case 28. When rotation of the carrier 24 is prevented, the
case 28 rotates around the central axis A1 by one tooth, which is a difference between the number of the pins 27 and
the number of teeth of the external gears 23a, 23b. When rotation of the case 28 is prevented, the carrier 24 rotates
around the central axis A1.
[0059] As described above, the rotation input from the drive source is decelerated by the reduction ratio in the reduction
mechanism 20 and the decelerated rotation is output from the carrier 24 or the case 28 to the subject device.
[0060] Next, a speed reducer 101 according to another embodiment of the invention will be described with reference
to Fig. 4. The speed reducer 101 according to this embodiment is different from the speed reducer 1 in that a recess
150 is provided in the first carrier member 24a, and a stopper 160 that prevents the crankshaft 12 from moving in the
X1 direction is provided in the recess 150. That is, in the speed reducer 1, the movement of the crankshaft 12 in the X1
direction is prevented by the cap 35, whereas in the speed reducer 101, the movement of the crankshaft 12 in the X1
direction is prevented by the stopper 160. Components of the speed reducer 101 shown in Fig. 4 that are the same or
similar to the components of the speed reducer 1 shown in Fig. 1 are given the same or similar reference numerals as
ones used in Fig 1, and detailed descriptions thereof will not be repeated.
[0061] The first carrier member 24a has the recess 150 that receives the crankshaft 12. The recess 150 extends in
the X1 direction from the end surface of the first carrier member 24a facing the X2 direction. The recess 150 is defined
by a bottom surface 151 and an inner peripheral surface 152. The bottom surface 151 extends in a direction intersecting
with the shaft axis A2. The bottom surface 151 may be provided so as to be orthogonal to the shaft axis A2. The inner
peripheral surface 152 extends along the circumferential direction around the shaft axis A2. The inner peripheral surface
152 includes a first surface 152a connected to the bottom surface 151, a second surface 152b situated on the X2 side
of the first surface 152a, and a third surface 152c situated on the X2 side of the second surface 152b. The second
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surface 52b has a larger dimension than the first surface 52a and the third surface 52c in the radial direction around the
shaft axis A2. The third surface 52c is disposed apart from the bottom surface 151 in the axial direction along the shaft
axis A2. The recess 150 may have the same or substantially the same shape as the recess 50.
[0062] The first carrier member 24a has a support portion 24a3 protruding from the first surface 152a toward the shaft
axis A2. The support portion 24a3 has a through hole 153 extending in the axial direction along the shaft axis A2. The
through hole 153 may be provided coaxially with the shaft axis A2. The through hole 153 may have a circular shape
when viewed from the direction of the shaft axis A2. In one embodiment, the radial dimension of the through hole 153
is smaller than the radial dimension of the stopper 160. That is, the through hole 153 has a smaller diameter than an
outer peripheral surface of the stopper 160.
[0063] The second journal portion 12a of the crankshaft 12 and the stopper 160 are received in the recess 150 of the
first carrier member 24a. The crankshaft 12 is disposed in the recess 150 such that the first journal portion 12a faces
the third surface 152c of the inner peripheral surface 152 in the radial direction. The third surface 152c has a circular
shape when viewed from the direction of the shaft axis A2. The crankshaft bearing 30a is provided between the first
journal portion 12a and the third surface 152c of the inner peripheral surface 152. The crankshaft bearing 30b is supported
by the third surface 152c of the inner peripheral surface 152. In this manner, the first journal portion 12a of the crankshaft
12 is supported by the first carrier member 24a via the crankshaft bearing 30a.
[0064] Similarly to the recess 50, the recess 150 may be formed by cutting work. When the recess 150 is formed by
cutting, the second surface 152b serves as a clearance portion in which a cutting tool can recede during cutting. Ac-
cordingly, the third surface 152c can be machined to have the uniform diameter from the end on the X1 side to the end
on the X2 side in the axial direction along the shaft axis A2. As a result, the crankshaft bearing 30a can be accurately
attached to the recess 150.
[0065] The stopper 160 is provided on the bottom surface 151 of the recess 150. The stopper 160 is a ring-shaped
member. The stopper 160 may have the same or substantially the same shape as the stopper 60. One end surface of
the stopper 160 contacts the bottom surface 151 of the recess 150. The bottom surface 151 of the first carrier member
24a supports the stopper 160. The stopper 160 is supported by the bottom surface 151 so that it is prevented from
moving in the X1 direction in the axial direction. One end surface of the stopper 160 contacts the first journal portion
12a of the shaft 12. The stopper 160 prevents the crankshaft 12 from moving in the axial direction toward the bottom
surface 151 (that is, the X1 direction) by supporting the first journal portion 12a by the end surface facing the X2 direction.
In one embodiment, the end surface of the stopper 160 also contacts the crankshaft bearing 30a. The stopper 160
prevents the crankshaft bearing 30a from moving in the axial direction toward the bottom surface 151 (that is, the X1
direction) by supporting the crankshaft bearing 30a at the end surface.
[0066] In the illustrated embodiment, the outer peripheral surface of the stopper 160 has a smaller diameter than the
crankshaft bearing 30a. That is, the radial dimension of the outer peripheral surface of the stopper 160 is smaller than
the radial dimension of an outer peripheral surface of the retainer 31a of the crankshaft bearing 30a.
[0067] In one embodiment, the stopper 160 is disposed in the recess 150 rotatably around the shaft axis A2 relative
to the first carrier member 24a . In another embodiment, the stopper 160 is provided non-rotatably around the shaft axis
A2 relative to the first carrier member 24a.
[0068] Advantageous effects of the foregoing embodiments will be now described. According to the above-described
embodiment, the movement of the crankshaft 12 in one direction (X2 direction) along the shaft axis A2 is prevented by
the stopper 60 provided on the bottom surface 51 of the recess 50 in the second carrier member 24b. Since the stopper
60 is prevented from moving in the axial direction relative to the second carrier member 24b by the bottom surface 51
(that is, the support portion 24b3), it is not necessary to provide a male thread on the outer peripheral surface 60a of
the stopper 60 for attaching the stopper 60 to the second carrier member 24b. Therefore, the speed reducer 1 according
to the embodiment can achieve higher hermeticity as compared with conventional speed reducers in which the crankshaft
12 is supported by the screw cap.
[0069] According to the above embodiment, the stopper 60 is disposed such that it contacts with the crankshaft bearing
30b. Therefore, the stopper 60 is able to prevent the crankshaft bearing 30b from moving in one direction (X2 direction)
along the shaft axis A2. According to the above-described embodiment, the stopper 60 supports the end surface of the
second journal portion 12b of the crankshaft 12 facing the X2 direction. In this manner, the stopper 60 is able to prevent
the crankshaft 12 from moving in one direction (X2 direction) along the shaft axis A2.
[0070] According to the above-described embodiment, the inner peripheral surface 52 of the recess 50 has the second
surface 52b (clearance portion) that is disposed between the first surface 52a and the third surface 52c and has a larger
diameter than the first surface 52a and the third surface 52c. The second surface 52b that serves as a clearance portion
for a cutting tool during cutting is provided between the first surface 52a and the third surface 52c. Therefore the third
surface 52c can be machined to have the uniform diameter from the end on the X1 side to the end on the X2 side in the
axial direction along the shaft axis A2. Thereby, the attachment accuracy of the crankshaft bearing 30b can be improved.
[0071] According to the above-described embodiment, the support portion 24b3 of the second carrier member 24b
has the through hole 53, and the sealing member 70 is provided in the through hole 53. The sealing member 70 can



EP 3 763 968 A1

9

5

10

15

20

25

30

35

40

45

50

55

seal off the lubricant inside the speed reducer 1.
[0072] In the illustrated embodiment, the outer peripheral surface 60a of the stopper 60 has a smaller diameter than
the crankshaft bearing 30b. The screw-type cap in the conventional speed reducer prevents the movement of the
crankshaft bearing in the axial direction, and the male thread formed on the outer peripheral surface meshes with the
female screw formed on the inner peripheral surface of the carrier. Thus the outer diameter of the screw-type cap is
larger than that of the crankshaft bearing. Whereas, according to the embodiment of the invention, the movement of the
stopper 60 in the axial direction is prevented by the support portion 24b3 of the second carrier member 24b so that the
outer peripheral surface 60a of the stopper can be made smaller in diameter than the crankshaft bearing 30b. As a
result, the size of the stopper 60 in the radial direction can be reduced.
[0073] According to the above-described embodiment, the through hole 53 in the support portion 24b3 of the second
carrier member 24b has a smaller diameter than the outer peripheral surface 60a of the stopper 60. As a result, the
through hole 53 in the second carrier member 24b facing the crankshaft 12 can have a small diameter. Therefore, it is
possible to secure a wide area for providing the recess 24b4 in the attachment surface 24b5 of the second carrier
member 24b. This allows the subject device to be more reliably attached to the attachment surface 24b5 of the second
carrier member 24b.
[0074] According to one embodiment described above, the stopper 160 provided on the bottom surface 151 of the
recess 150 in the second carrier member 24b prevents the crankshaft 12 from moving toward the other side in the axial
direction. Thereby, the hermeticity of the speed reducer can be further enhanced.
[0075] The dimensions, materials, and arrangements of the constituent elements described herein are not limited to
those explicitly described for the embodiments, and these constituent elements can be modified to have any dimensions,
materials, and arrangements within the scope of the present invention. Furthermore, constituent elements not explicitly
described herein can also be added to the described embodiments, and it is also possible to omit some of the constituent
elements described for the embodiments.
[0076] Any combination of the above-described embodiments may be possible as appropriate. The invention may
encompass aspects realized by combining two or more embodiments.

LIST OF REFERENCE NUMBERS

[0077]

1, 101 speed reducer
12 crankshaft
20 speed reducing mechanism
23a, 23b external gear
24 carrier
24a first carrier member
24b second carrier member
24b4 recess
24b5 attachment surface
27 pin
28 case
30a, 30b, 30c, 30d crankshaft bearing
35 cap
50, 150 recess
52b, 152b second surface (clearance portion)
60,160 stopper
A1 central axis
A2 shaft axis

Claims

1. A speed reducer (1), comprising:

a carrier (24) having a recess (50) therein;
a crankshaft (12) disposed in the recess (50); and
a stopper (60) disposed on a bottom surface (51) of the recess (50) and preventing the crankshaft (12) from
moving in a direction toward the bottom surface (51) along a rotation axis of the crankshaft (12).
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2. The speed reducer (1) of claim 1, further comprising a crankshaft bearing (30b) disposed on an inner peripheral
surface of the recess (50) at a position apart from the bottom surface (51) in a rotation axis direction of the crankshaft
(12),
wherein the stopper (60) prevents the crankshaft bearing (30b) from moving in the rotation axis direction toward the
bottom surface (51).

3. The speed reducer (1) of claim 2, wherein the inner peripheral surface includes a support surface (52c) supporting
the crankshaft bearing (30b) and a clearance portion (52b) disposed between the support surface (52c) and the
bottom surface (51) in the rotation axis direction, the clearance portion (52b) having a larger diameter than the
support surface (52c).

4. The speed reducer (1) of claim 3, wherein the clearance portion (52b) is disposed apart from the bottom surface
(51) in the rotation axis direction.

5. The speed reducer (1) of claim 4, wherein the carrier (24) has a through hole extending in the rotation axis direction,
and
wherein the speed reducer (1) further comprises a sealing member (70) provided in the through hole.

6. The speed reducer (1) of any one of claims 2 to 5, wherein an outer peripheral surface of the stopper (60) has a
smaller diameter than the crankshaft bearing (30b).

7. The speed reducer (1) of claim 6, wherein the through hole has a smaller diameter than the outer peripheral surface
of the stopper (60).

8. The speed reducer (1) of any one of claims 1 to 7, wherein the carrier (24) has a second recess (150), and
wherein the speed reducer (1) further comprises a second stopper (160) disposed on a bottom surface (151) of the
second recess (150), the second stopper (160) preventing the crankshaft (12) from moving toward the bottom surface
(151) of the second recess (150) in the rotation axis direction.

9. The speed reducer (1) of any one of claims 1 to 8, wherein the crankshaft (12) includes an eccentric portion and a
journal (12b), the journal (12b) having an end surface facing the bottom surface (51), and
wherein the stopper (60) supports the journal (12b) at the end surface.

10. The speed reducer (1) of any one of claims 1 to 9, wherein the stopper (60) is provided such that it is non-rotatable
around the rotation axis relative to the carrier (24).

11. The speed reducer (1) of any one of claims 1 to 9, wherein the stopper (60) is provided such that it is rotatable
around the rotation axis relative to the carrier (24).

12. A speed reducer (1), comprising:

a case;
a carrier (24) having a recess (50) therein;
a crankshaft bearing (30b) provided on a support surface (52c), the support surface (52c) being a part of an
inner peripheral surface of the recess (50) and disposed apart from a bottom surface (51) of the recess (50);
a crankshaft (12) supported by the crankshaft bearing (30b), the crankshaft (12) rotating one of the carrier (24)
and the case relative to the other of the carrier (24) and the case; and
a stopper (60) preventing the crankshaft (12) and the crankshaft bearing (30b) from moving toward the bottom
surface (51) in an axial direction of the crankshaft (12), the stopper (60) facing a clearance portion (52b) that
forms a part of the inner peripheral surface and has a larger diameter than the support surface (52c).
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